J Wood Sci (2006) 52:90-92 
DOI 10.1007/sl0086-005-0727-6 


© The Japan Wood Research Society 2006 


NOTE 


Toshiyuki Takano • Tomomi Kondo • Fumiaki Nakatsubo 

Facile synthesis of rubiadin by microwave heating 


Received: August 2, 2004 / Accepted: March 25, 2005 / Published online: February 1, 2006 


Abstract Rubiadin (4) (l,3-dihydroxy-2-methylan- 
thraquinone), which is one of the natural dyes from the 
roots of Rubiaceae, was synthesized from phthalic 
anhydride (1) and 2,6-dihydroxytoluene (3) by two reaction 
steps, that is, a Friedel-Crafts reaction with A1C1 3 and a 
cyclization with H 2 S0 4 /HB0 2 . Microwave heating resulted 
in remarkable acceleration of the reaction rate in the 
first reaction, and had an effect in reducing the reaction 
time and increasing the yield of rubiadin (4) in the second 
reaction. 
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Introduction 

The natural dyes from the roots of Rubiaceae, such as 
Prismatomeris malayana and Morindci elliptica, have 
been traditionally used in Southeast Asia. It is well 
known that the dyes contain anthraquinones, such as 
rubiadin, rubiadin 1-methyl ether, lucidin, damnacanthal, 
nordamnacanthal, and their glycosides. 13 Flowever, the 
color development properties of the individual ingredients 
have not been investigated well, because the isolation and 
purification of the ingredients are not easy. Among them, 
rubiadin (l,3-dihydroxy-2-methylanthraquinone) (4) is im¬ 
portant as an intermediate for the synthesis of the other 
anthraquinones. 

Several synthetic methods for rubiadin (4) have been 
reported so far A 8 Hirose 4 reported the synthesis of rubiadin 
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(4) from phthalic anhydride (1) and 2,6-dihydroxytoluene 
(2) by two reaction steps. In the first step, the condensation 
of 1 and 2 with A1C1 3 in CHC1 2 CHC1 2 was carried out 
at 125°C for 3h to give 2-(2',4'-dihydroxy-3'-methyl) 
benzoylbenzoic acid (3). The second step of cyclization via 
dehydration of the compound 3 was performed in concen¬ 
trated H 2 S0 4 , which acted as solvent, in the presence of 
fused boric acid at 100°C for 25 min. However, the yields of 
the both reaction steps were low (33% and 54%, respec¬ 
tively). In addition the reproducibility of this method was 
very poor, although we made many efforts to reproduce the 
experimental data. 

Chari et al. 5 reported the synthetic method for 
rubiadin via 2-methylpurpurin (l,3,4-trihydroxy-2- 
methylanthraquinone). However, this method required 
live steps, and the yield of each reaction step was low. 
Courchesne and Brassard 6 and Boisvert and Brassard 7 de¬ 
scribed the syntheses of rubiadin derivatives by using Diels- 
Alder reactions involving halogenated naphthoquinones 
and dienes. Zhao and Biehl 8 reported the preparation 
of rubiadin by the condensation of 3-bromo-2,6- 
dimethoxytoluene with a phthalide. In these reports, the 
key intermediates are not commercially available, and must 
be synthesized by many reaction steps. On the other hand, 
it has been accepted that microwave heating has major 
advantages of reducing reaction time or increasing yield of 
products when compared with conventional heating. 9 

Herein, this report describes the modification of synthe¬ 
sis of rubiadin by the method of Hirose 4 and the application 
of microwave heating to it. 


Experimental 

Microwave heating was conducted using a CEM Discover 
Synthesis Unit (CEM, Matthews, NC, USA). The apparatus 
consists of a continuous focused microwave power delivery 
system with power output from 0 to 300 W at 2.45 GHz. The 
reaction temperature of the contents in the flasks was moni¬ 
tored using a calibrated infrared temperature control of this 
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apparatus. The control temperature was used as the reac¬ 
tion temperature, because the difference between control 
temperature of the apparatus and monitored temperature 
of the contents was within 4°C in this experiment. The 
reaction time was expressed as the sum of ramp time from 
room temperature to control temperature and hold time at 
control temperature. 

Proton nuclear magnetic resonance (*H-NMR) spectra 
were recorded with a Varian INOVA300 FT-NMR 
(300 MHz) spectrometer, and ultraviolet (UV) spectra were 
recorded with a Jasco V-560 UV/VIS spectrophotometer. 
All reagents except HB0 2 (metaboric acid) were purchased 
from Nacalai Tesque (Kyoto, Japan), and used without fur¬ 
ther purification. HB0 2 was prepared by heating commer¬ 
cial boric acid at 80°C in vacuo for 3 days. 10 

2',4'-Dihydroxy-3'-methyl-2-benzoylbenzoic acid (3) 

Phthalic anhydride (1, 600 mg, 4.05 mmol) and 2,6- 
dihydroxytoluene (2, 600 mg, 4.83 mmol) were dissolved 
in CH 2 C1CH 2 C1 (50ml) or in CHC1 2 CHC1 2 (50ml). A1C1 3 
(1.2 g, 9.0 mmol) was added to the solution. The reaction 
mixture was treated by conventional heating (oil bath) or by 
microwave heating under the reaction conditions shown in 
Table 1. After cooling, IN HC1 (20ml) was added to the 
reaction mixture. The mixture was extracted with ethyl ac¬ 
etate (EtOAc). The organic layer was washed with distilled 
water, and extracted with 5% NaHCOj solution. The aque¬ 
ous NaHC0 3 layer was washed with EtOAc, acidified with 
UV HC1, and extracted with EtOAc again. The organic layer 
was washed with brine, dried over anhydrous Na 2 S0 4 , and 
concentrated to give compound 3. 

Data for compound 3. 'H-NMR (acetone-d 6 ) dip pm) 12.79 
(1H, s), 8.12 (1H, dd, J = 7.4, 1.2Hz), 7.75 (1H, dd, J = 7.4, 
1.2Hz), 7.67 (1H, dd, J = 7.4, 1.2Hz), 7.44 (1H, dd, J = 7.4, 
1.2Hz), 6.85 (1H, d, /= 8.7Hz), 6.38 (1H, d, /= 8.7Hz), 2.11 
(3H, s). UV A max (methanol) (nm) 217, 293. Melting point: 
223°C (lit: 223°C). 4 


l,3-Dihydroxy-2-methyl anthraquinone (rubiadin) (4) 

Compound 3 (108mg, 0.4mmol) and HB0 2 (247mg, 
5.6mmol) were suspended in concentrated H 2 S0 4 (1.3ml). 
The reaction mixture was heated by conventional heating 
(oil bath) or by microwave heating under the reaction con¬ 
ditions listed in Table 1. After cooling, the reaction mixture 
was extracted with EtOAc, and the organic layer was suc¬ 
cessively washed with distilled water, saturated NaHCO, 
solution, and brine, dried over anhydrous Na 2 S0 4 , and 
passed through a silica gel column [3/1 EtOAc/n-hexane 
(v/v) as eluent]. The eluent was concentrated to give 
compound 4. 

Data for compound 4. *H-NMR (acetone-d 6 ) 5 13.23 
(1H, s), 8.30 (1H, m), 8.22 (1H, m), 7.92 (2H, m), 7.37 (1H, 
s), 2.19 (3H, s). UV A max (methanol) (nm) 209, 246, 278,411. 


Results and discussion 

The synthetic route for rubiadin (4) from phthalic anhy¬ 
dride (1) and 2,6-dihydroxytoluene (2) is shown in Fig. 1. 
The first reaction is a Friedel-Crafts type reaction with 
A1C1 3 . The results are shown in Table 1. 

First, CH 2 C1CH 2 C1 was used as a solvent, because of the 
high boiling point of CHC1 2 CHC1 2 . However, the yields of 
compound 3 by both heating methods were moderate. Next, 
the reaction was performed by conventional heating under 
the same reaction conditions (A1C1 3 /CHC1 2 CHC1 2 /125°C/ 
180 min) reported by Hirose. 4 The yield of compound 3 was 



Fig. 1. Synthetic route for rubiadin (4) from phthalic anhydride (1) and 
2,6-dihydroxytoluene (2) 


Table 1. Reaction conditions and the yields of products in steps a and b in Fig. 1 


Reaction step 

Heating method 

Solvent 

Irradiation power (W) 

Reaction temperature (°C) 

Reaction time (min) 

Yield (%) 

a 

Oil bath 

CH,C1CH,C1 

_ 

80 

180 

53 

a 

MW 

CH,C1CH 2 C1 

30 

80 

13 

56 

a 

Oil bath 

chci 2 chci 2 

- 

125 

180 

90 

a 

MW 

CHCl 2 CHCh 

120 

125 

13 

95 

b 

Oil bath 

h 2 so 4 

- 

100 

25 

2 

b 

MW 

h 2 so 4 

20 

100 

1 

3 

b 

MW 

h 2 so 4 

20 

120 

1 

7 

b 

MW 

h 2 so 4 

20 

140 

1 

14 

b 

MW 

h 2 so 4 

20 

160 

1 

60 

b 

MW 

h 2 so 4 

20 

170 

1 

59 

b 

MW 

h 2 so 4 

20 

180 

1 

18 

b 

Oil bath 

h 2 so 4 

- 

160 

25 

32 


MW, Microwave heating 
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90% in this experiment, although it has been reported to be 
33%. On the other hand, by microwave heating, compound 
3 was obtained in a 95% yield after only 13 min (ramp time 
3 min, hold time 10min). Microwave heating was effective 
for reducing reaction time in this reaction, although there 
was little difference in the yields of compound 3 obtained by 
conventional heating and by microwave heating. 

The second reaction is a cyclization via dehydration 
with concentrated H 2 S0 4 and HBO, (metaboric acid). The 
results are shown in Table 1. 

The reaction was carried out by conventional heating 
under the same reaction conditions (Tf 2 S0 4 /HB0 2 /100°C/ 
25 min) reported by Hirose. 4 However, compound 4 was 
obtained in only 2% yield. The reproducibility of the Hirose 
method was very poor. Even with microwave heating at 
100°C for 1 min (ramp time 20s, hold time 40s), the yield of 
compound 4 was only 3%. Consequently, it was found that 
this reaction was strongly influenced by the reaction tem¬ 
perature. By microwave heating, the optimal reaction tem¬ 
perature was 160°-170°C. That is, the yield of compound 4 
was increased to 60% by microwave heating at 160°C for 
1 min (ramp time 30s, hold time 30s), whereas the yield was 
only 32% after conventional heating at 160°C for 25 min. 
In the case of microwave heating above 180°C, the yield 
of compound 4 was reduced, and many by-products were 
observed by thin-layer chromatography analysis. 

In summary, microwave heating has an effect on short¬ 
ening reaction time and increases the yield of compound 4. 
Our microwave heating procedure provides an easy and 


practical way to prepare rubiadin (4) from phthalic anhy¬ 
dride (1) and 2,6-dihydroxytoluene (2), which are commer¬ 
cially available and inexpensive. 
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